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The main purpose of this article is to define engineering risk existing in the process of the development of Energy Performance 
Contracting (EPC) and to provide a system and quantitative evaluation method to reduce engineering risk of EPC. We
systematically studied the engineering risk existing in EPC: the political and legal risk, market risk, technology risk, management 
risk, financial risk, project quality risk and client risk. By using the mature ideas, tools, and technology of risk management -
experts' marking methods and synthetic evaluation method based on fuzzy theory, the target system of evaluation on EPC is 
discussed, qualitative and quantitative risk evaluation is conducted, and the guiding ideas and the model are provided. At last, by 
putting forward the corresponding measures for the EMC to control risk in the operation, this article provides reference point for 
the risk management planning of EPC. 
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1. Introduction
In the 1970s, the global Energy Crisis has hit the economy of most developed countries, but spawned a new 
industry - Energy Performance Contracting (EPC). After more than 30 years of development and improvement, EPC 
has been gradually popularized, applied and rapidly matured in North America, Europe as well as some developing 
countries, becoming a new market-based energy-saving mechanism. In 1996, Chinese government received the 
financial assistance from Global Environment Fund to launch the "Chinese energy-saving promotion project" and to 
organize three Energy Management Company (EMC) in Beijing, Liaoning and Shandong. After years of 
development, EPC has become more widespread in China. In the 2010 Copenhagen Conference, Chinese 
government pledged itself to reduce carbon emissions up to 40 - 45% by 2020. Since EPC is an immensely 
low-carbon and market-based energy-saving mechanism, Chinese central and local government have issued 
incentive policies to develop EPC. 
2. The definition of EPC engineering risk
International Standardization Organization (ISO) gives a definition of risk: effects on objectives by uncertainties. 
The engineering risk of EPC is the negative deviation of the actual results from the EMC expectation brought by the 
objective uncertainties. EPC engineering risks have two aspects: on one hand, under the EPC mechanism which 
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requires “zero-risk on the client side”, EMC undertakes most of the risk engineering from planning, decision 
making, and assessment to implementation. On the other hand, because of the uncertainties of EPC brought by its 
characteristics of large investment and long life cycle, it leads to the possibility of not reaching the expected 
technical and economic indicators to a point of suspension or failure of the project. There are three elements in EPC 
engineering risk: (1) the uncertainty factors: refers to various contingent factors in EPC, which may make EPC 
project deviate from the anticipated goal; (2) the anticipated goal: each EPC project subject has its own particular 
purpose or benefits, including economic gains or non-economic gains, in this paper it mainly refers to anticipated 
goal of EMC - economic gains from EPC, so risk is negative deviation degree between the actual results and the 
EMC decision expectation; (3) the extent of effect: negative degree between the actual effect and anticipation. Use 
the equation to express: risk = uncertain factors effect • the effect degree /anticipated goal.
3. Identification and Classification of Engineering Risks in EPC
[2] 
The main engineering risks of EPC project include:
3.1. Political and legal risk
A steady government and consistent policies are propitious to the development of the enterprise. A nation's 
overall economic development planning, regional development and industrial development will greatly affect 
EMC. Innovation activities which are consistent with the national planning direction tend to gain financial, credit 
and taxes support more easily. At present, the Chinese government launches corresponding incentive policies to 
implement EPC, such as the EPC Interim Administration Measures for Financial Incentives and Capital 
Management published in 2010, which is a positive factor for the development of EMC. However, once incentive 
policies are adjusted, engineering risks may appear.
3.2. Market risk
Market risk is brought by uncertainties of the market, client demand and industry competition. It mainly displays
in two aspects: (1) market demand risk. It is in the very beginning stage of EPC that the international advanced 
energy-saving technology has not been popular within China. Thus, there are still many problems in application. 
Many people have not been acquainted with EPC as an energy-saving mechanism, so the client market of EPC 
remains to be explored. Many enterprises lack technicians and energy management personnel, so the cost for 
introducing the technology is high. In addition, enterprises do not know EPC well enough that they are afraid to 
undertake the technical and economic risks; because of lacking funds, most entrepreneurs are willing to put money 
only into expanding production scale instead of energy-saving investment; Most EPC project scale is small, so the 
bank usually does not loan money to them. (2) market competition risk. Although the development of EMC in China 
is in the beginning stage, the energy-saving market and potential are great. Many foreign large EMC, relying on the 
abundant fund and advanced technology, is looking for opportunities to enter into Chinese energy-saving market. 
3.3. Technology risk
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Technology risk is due to the feasibility, advancement and technical effect of energy-saving technology. It mainly 
includes three aspects: (1) feasibility risk. Before the implementation of the project, EMC will develop a variety of 
technical solutions, but it is difficult to ensure whether the energy-saving technology can achieve its expected goal 
or economic indicators. (2) Advanced technology risk. Energy-saving technology has been developing rapidly, but 
the life of energy-saving technology and new product life cycle become shorter and shorter. If the technology does 
not move forward when new technologies appear, the original energy-saving technology may be replaced, making 
EMC not gain expected earnings. (3) Energy-saving effect risk. In the technical and economic analysis, the quantity 
of energy-savings is difficult to estimate. There are few reasons for this: operation of energy-saving devices is
controlled by the users who may not familiar with it; in a number of projects the energy consumption is not stable; 
the lack of accurate energy-savings data and related information. [3]
3.4. Management risk
Management risk refers to the possibilities of damage by the unpredictability in adaptability of EMC, 
advancement of management technology and the effectiveness of management method. This includes: (1) decision 
risk. If policymakers lack long-term vision and perspective of the overall situation, wrong strategic decisions may be 
made and bring unnecessary losses to EMC; (2) ability risk. Due to the lack of management ability and experience, 
the project may fail; (3) information management risk. If information collected is not enough, the EMC will lack 
information of energy-saving technology development which the clients inquire, and lead to the failure of EPC.
3.5. Financial risk
It includes: financial cost; whether getting a bank loan; change of inflation or interest rate during contract period. 
All these macroeconomic factors can bring economic risk to EMC. As a country in its beginning stage of market 
economy, the shortage of funds and financing is particularly remarkable in China. The funds of foreign EMC mainly 
come from their own funds, related fund, commercial bank loans, government loans and international capital, etc,
while the funds of the domestic EMC are mainly their own funds, the loan of World Bank and other loans, so the 
financing channels of the domestic EMC are less than the foreign EMC. Meanwhile, the credit of EMC in the 
financial system has not been established yet. Most banks do not know EPC mechanism, so that they lack the ability 
to discern EPC risks. 
3.6. Project quality risk
It mainly includes: (1) equipment and material procurement risk: due to the equipment or material supply delay, 
inconsiderate purchasing plan, suppliers' delay or default, and the malfunctioning of equipment; (2) construction 
risk: the subcontractor’s reputation, technical training, after-sales service quality and whether the subcontractor can 
finish the works punctually with the quantity and quality stipulated in the contract. (3) energy-saving quantity risk:
whether the EPC can actualize the expected energy-saving quantity after the energy-saving reconstruction project. It 
is a decisive risk for EMC to gain profit from the project. EMC may not have calculated the energy-saving quantity 
in detail beforehand, whereas the actual energy-saving quantity is much lower than expected, so that EMC is unable 
to recover the investment and to gain profit.
3.7. Client risk
There are three main categories of client risk: (1) Credit risk, namely, clients refuse to perform the 
responsibilities stipulated in the contract. For instance, during the execution of contract, clients may conceal 
energy-saving earnings through various means; the client has not paid the energy-saving benefits which belong to 
EMC. Therefore, before collaborating with the clients, EMC should investigate its credit conditions. [4] (2) Business 
risk. Decision makers and managers in cooperative enterprise may make mistakes in business management that 
cause profitability decrease, resulting in lowering the returns of EMC. (3) Contract risk. There are mainly two 
aspects: incomplete or inappropriate contract. The incomplete contract means that EMC and clients have 
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not appoint all matters, including various possible risks and loss undertaking in EPC beforehand. Improper contracts 
are contracts that can not be implemented, or have difficulties to be executed.
4. Qualitative Risk Analysis
[5]
Engineering risk identification is a repeating process. As the project progresses, new risks may appear, and risk 
identified previously may disappear. Therefore, during the project process, EPC risk identification requires continual 
update. This paper identifies common engineering risks in EPC, and divides them into two grades. The first grade is 
a total of seven categories mentioned above. The second grade is a subdivision
Table 1 Risk register
of the first grade. Risks identified 
may change during the project process. Qualitative risk analysis includes risk causes, risk consequences and risk
signs as shown in Table 1.
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Identified Risks Risk Causes Risk Consequences Risk Signs
Political and legal risk  A Stability of national politics, the 
consistency of the policies
1 Unit cost increases, 
returns reduced, 
even losses 
Policy adjustment, supporting 
policies and preferential tax 
cancelled 
Market risk 
A
Market demand 
risk B
2
Market potential and continuity 
of project1
Clients do not 
accept EPC 
EMC has not made accurate 
estimation of the market 
beforehand
Market 
competition risk  
B
More and more EMC appears,
and competition is more fierce 
2
Clients default or
turn to other energy 
companies 
Competition in the investment 
market becomes more fierce
Technology
risk 
A
Feasibility risk  
B
3
No similar successful project 
design experience 3
Cost increase or 
project fail
Technical difficulties, no successful 
precedent
Advanced 
technology risk
B
Development of energy-saving 
technology
4
Not achieving the 
expected return 
The original energy-saving 
technology or the device may be 
replaced 
Energy-saving 
effect risk  B
Improper operation of 
equipment; fluctuating of energy 
consumption quantity; inaccurate 
energy-saving estimation.
5
Energy-saving 
effect is affected 
and cost increases
Client is not skilful in operating  
energy-saving equipment 
Management 
risk 
A
Decision risk  
B
4
Policymakers lack long-term 
vision 6
Bringing 
unnecessary losses
Make wrong strategic decisions
Ability risk  
B
Lack of management ability and  
experience7
The project may fail Lack of EPC and contract 
management training
Information 
management 
risk  B
Information collected is not 
enough
8
The project may fail Informational communication is 
insufficient 
Financial 
risk 
A
Financing risk 
B
5
The financing channels of EMC 
is unitary9
Cost increases The credibility of EMC in financial 
system has not been established
Change of taxes 
or interest rate
B
VAT changes, interest rates rise 
10
Earnings reduces or 
even having losses
Change in domestic economic 
environment
Price inflation
B
Equipment, material and energy 
prices rise11
Cost increases Inflation or deterioration of 
economic situation.
Insufficiency 
floating capital 
risk B
Advance payment is not timely; 
the cash flow plan in contract is 
unreasonable 12
Cost increases Investors, clients or the bank is 
unable to pay in time
Pricing error 
risk  B
Bias on understanding and 
analyzing the tender document 13
Cost increases Personnel lacks experience
Project 
quality risk 
A
Equipment and 
material
procurement 
risk  B
6
Equipment or material supply 
delay, inconsiderate procurement 
plan, supplier default or 
transportation delay14
Schedule delays and 
cost increases
Manufacturers have low credibility 
or low efficiency
Construction 
risk  B
Subcontractors’ construction 
plans, procedures or staffing 
arrangements are unreasonable
15
Schedule delays,
cost increases
Subcontractors have poor training 
as well as maintenance and their 
construction is disorganized
Energy-saving 
quantity risk
B
EMC may not have calculated
the energy-saving quantity in 
detail beforehand 16
The expected profits 
will be reduced
The potential energy-saving 
quantity is reduced 
Client risk 
A
Credit risk
B
7
Clients have poor credit
17
Clients default and 
do not pay in time
Clients may conceal the 
energy-saving earnings 
Business risk
B
The decision makers’ ability of 
the clients is limited 18
The expected profits 
will be reduced
Have errors in business 
management; profitability declines
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Contract risk 
B
The contract signed with client is 
incomplete and improper 19
Revenue reduces or 
project fails 
EPC has not appointed risk and loss 
undertaking in the contract 
5. Quantitative Risk Analysis
5.1. Quantitative risk analysis index
Quantitative risk analysis index is a ruler for measuring risk. There are three indexes commonly used for deciding 
the importance of risk value (RPN): the first is the probability of risk occurrence (P); the second is the severity of 
effect brought by the risk (S); the third is whether the risk can be detected before occurring (D), so RPN = P • S • D.
Table 2 Probability (P)
Likelihood Possible rate Grade
Very high: it will almost certainly happen  
High: it may happen repeatedly  
  
  
Medium sporadic 
  
  
Low: it seldom happens 
Extremely low: it could not have happened






Table 3 Influence severity (S)
Influence Severity Grade
Harm (without 
signs) 
Have serious influence on EPC, and may lead to termination of the 
project; without signs

Harm (with signs) Have serious influence on EPC, and may lead to termination of the 
project; with signs

Very high Mainly influence the EPC schedule, budget and performance; may 
cause serious delays, excess expenditures or performance reduction

High Seriously affect the schedule, budget and performance; the work can 
be finished, but clients would be extremely dissatisfied 

Affect some part of the schedule, budget or performance; clients are 
not satisfied
Medium 
Slightly influence the process, budget or performance; clients are 
slightly dissatisfied
Low 
Very low Have some influence on EPC; clients are aware of the influence 
Little Have little influence on EPC; clients will generally realize the 
influence

Very little Influence is very little, only clients who have the ability to discern  
can notice the influence

No influence No adverse consequences 
Table 4 Monitoring ability (D)   
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Monitoring possibility Grade 
Absolutely impossible 
Almost impossible 
Unlikely 
Very low possibility 
Low possibility 
Medium possibility 
Medium high possibility 
High possibility 
Very high possibility 
Almost certainly 
5.2. Quantitative risk analysis
Quantitative risk analysis can be conducted by using expert investigation scoring method. Although this method 
may blend in
Experts chosen: using expert investigation scoring method to assess EPC risks. In this stage, experts' choice is 
essential, because the experts’ knowledge and experience will directly impact the accuracy of the assessment.
certain subjective factors, as long as the chosen experts have certain related knowledge as well as 
experience, come from other departments with different interests, and are familiar with EPC situation, this method 
was proved to be effective. Analysis procedure is as follows: 
Sort out all the identified risks, make risk questionnaire, and distribute to each expert.
Experts score. According to their understanding and experience of EPC, each expert scores for each risk 
assessment index under the defined standard, and then calculates risk values RPN.
Calculate the average value of risk, and then prioritize the risk value. For each expert’s understanding and 
experience of EPC project are different, the risk assessment values are different. Take the average value of the risk 
assessment values, and then prioritize them. EMC can improve EPC program performance effectively by focusing 
on risks with high risk value.
5.3. Data processing of quantitative risk analysis 
According to the risk factors existing during the implementation process of EPC, synthetic evaluation method 
based on fuzzy theory [6] can be used to handle data acquired, in order
5.3.1. Determining the evaluation factors and set index weighing
to evaluate and control the status of 
engineering risks of EPC accurately and effectively. Following are the specific steps:
Assume index sets of the main factors is A={
1
A ˈ
2
A ˈԐˈ
n
A `(n=7)ˈits weight sets
W= 1w ˈ 2w ˈԐˈ nw where
1
1
n
k
k
w
 
 ¦ 
Index sets of sub-factors isB=(
1
B ˈ
2
B ˈԐˈ
m
B ) (m=19) Relative to index of the main factors$N
b
, single 
weight set recorded as
(k) ( )
1
kb  ˈ ( )
2
kb ˈԐˈ ( )k
m
b ˈk=1ˈ2ˈԐˈn, and ( )
1
1
n
k
m
i
b
 
 ¦ .
5.3.2. Determination of comment sets and evaluation matrix 
Given a definition comment sets
£=(£1ˈ£2ˈໂ᧨˟s), ȕj means comments from low to high gradesM ˈˈԐˈV˗V takesˈ
represent the severity of the risk
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According to expert grading statistics, fuzzy evaluation matrix is achieved:
( ) ( )
1 1
( ) ( )
( )
...
... ... ...
...
k k
s s
k k
ms ms
k
x x
X
x x
 
§ ·
¨ ¸
¨ ¸
¨ ¸¨ ¸© ¹
, where ( )
( )
( )
1
i 1, 2, ..., )
k
k
ij
ij s
k
ij
j
s
x s
s
 
  
¦
ˈ˄ represents the degree of membership of Bi
relative to the upper layer index of Ak for comment ȕj
5.3.3. Fuzzy matrix operation
.
For comment set £ £ˈ£ˈԐˈ£V Ak the membership vector of is:
( ) ( )
1 2
( , , ..., )k k
k k k ks
R b X R R R   
For comment set £ the membership vector of the main factors layer$ is:
1 2
( , ,Y w w …,
n
w g
1
2
1 2
( , , ..., )
...
s
n
R
R
y y y
R
 
ª º
« »
« »
« »
« »¬ ¼
5.3.4. Evaluation results
When
1
1
s
i
j
y
 
z¦ , using normalization, let
1
, 1, 2, ..., ,
j
j s
i
j
y
y j s
y
 
  
¦
get 
1 2
( , , ..., )
i
Y y y y 
According to the maximum membership degree, risk grades of EPC can be judged.
5.4. EPC risk control model
The principle of controlling risk of EPC is: gaining maximized returns under conditions of controlling the total 
risk; or set the total revenue, minimizing the total risk. Thus the following model can built: 
Assume that expected revenue jr corresponding to risk grade of ȕj can be observed, the following optimization 
model can be established
Modelĉ˖max
[7]
1 1
m s
j ij ij
i j
r R Z
  
¦¦
1 1 1
. .
n m s
ki ij ij
k i j
s t a R Z c
   
d¦ ¦¦
And 
1
1, 1, 2,
s
ij
j
Z i
 
  ¦ …ˈm˗ ijZ is the state variables of i indicators in ȕj ijZrisk grade, takes 0 or 1.
The essence of Modelĉis: when controlling the total risk under value c, it gains the largest expected returns by 
adjusting combination of index in 10 risk grades.
Model Ċ: min 
1 1 1
n m s
ki ij ij
k i j
a R Z
   
¦ ¦¦
1 1
. .
m s
j ij ij
i j
s t r R Z d
  
t¦¦
And
1
1, 1, 2,
s
ij
j
Z i
 
  ¦ …ˈm˗ ijZ is the state variables of i indicators in ȕj ijZrisk grade, take 0 or 1.
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The essence of ModelĊis: when returns expected is not less than an expected value d, minimize the total risk of 
EPC by adjusting combination of index in 10 risk grades.
6. Risk countermeasures
The success of engineering risk management of EPC depends on the project planning beforehand. On the basis of 
risk analysis, the author proposed some preventive and emergency measures in view of each risk identified above
Table 5 Measures to EPC risk
.
The risk countermeasures used commonly include risk reducing, risk transfer, risk avoidance and risk acceptance. 
Risk reducing refers to taking measures to reduce consequences or the probability of occurrence of a risk; risk 
transfer means transfer risk to the other party or purchase insurance by contract; risk avoidance means that when the
possibility of project risk is great, or once risk events are happening, the loss is too great, so the EMC may give up 
the project or change the project goals; risk acceptance means that EMC can prepare appropriate unforeseeable fee, 
do nothing or simply let the nature take its course. When formulating risk countermeasures, EMC should choose a 
combination of strategies according to the characteristics of each risk, the risk grade, stakeholders’ ability to bear 
risk, risk control objectives, and appoint special personnel or department to take charge of each kind of risk, in order 
to monitor and implement the risk countermeasures. The following risk countermeasures in Table 5 can be 
considered for the identified risks of EPC mentioned above.
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Identified risks Strategies Specific measures Department or 
person in 
charge
Political and legal risk Acceptance Study economic trends carefully; be familiar with 
relevant laws and regulations; learn about policies and 
preferential measures in energy-saving areas; choose 
the best-fit financing ways and loan scheme 
Contract 
department 
Market risk Market demand 
risk
Transfer, 
mitigation
Investigate and analyze the market thoroughly; make 
accurate estimation
Market 
department 
Market 
competition risk
Transfer, 
mitigation
Have more understanding of the competitors 
beforehand; put forward some competitive 
energy-saving schemes; optimize design scheme
Market 
department
Technology
risk
Feasibility risk Mitigation Adopting advanced and mature technology; choosing 
the equipment with reliable record 
Technology 
department
Mitigation Advanced 
technology risk
Predicting and estimating energy-saving quantity; 
analyzing the influential factors of energy-saving 
effect; stipulating energy-saving quantity and 
compensation rule section in the contract 
Contract 
department
Energy-saving 
effect risk
Mitigation Train the client how to operate equipment; leave some 
room while estimating energy-saving quantity
Technology 
department
Management 
risk
Decision risk Mitigation After hiring the EMC personnel, training and 
assessment is essential for the enhancement of the 
personnel’s quality
Human resource 
department
Ability risk
Information 
management 
risk
Mitigation Collect information about energy-saving technology 
and clients' needs as much as possible; strengthen the 
information communication among departments
Department of 
technology
Financial 
risk
Financing risk Acceptance,
mitigation
Improve financing capacity of EMC; broaden the 
financing channels, such as commercial bank loans, 
finance leases, etc.
Contract 
department
Change of taxes 
or interest rate
Acceptance Set aside risk reserve Financial 
department
Price inflation Acceptance Set aside risk reserve Contract 
department
Insufficiency 
floating capital 
risk 
Acceptance Proper arrangement of working capital Contract 
department
Pricing error 
risk 
Transfer, 
mitigation
EMC should take all possible costs into account 
clearly; indicate possible "additional" costs to let 
clients aware of these additional cost items
Contract 
department 
Project 
quality risk
Equipment and 
materials 
procurement 
risk
Transfer, 
mitigation
Do a detailed procurement plan; choose reputable 
manufacturers; require suppliers to provide equipment 
performance guarantees
The purchasing 
department
Construction 
risk
Mitigation Select subcontractors with high reputation and good 
technology; control acceptance procedures strictly; 
enhance communication and reduce delays caused by 
poor communication; leave some time in the 
construction schedule
Engineering 
department
Energy-saving
quantity risk
Mitigation Before signing the contract, EMC and the client 
should carefully negotiate the operational 
measurement method; leave margin for calculation 
errors for the energy-saving quantity in order to 
determine a reasonable calculation errors
Contract 
department
Client risk Credit risk Mitigation In the negotiation stage of contract, EMC should Contract 
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study the credibility and business ability of the clients
in order to choose clients with good credibility
department
Business risk Mitigation Do a good customer profitability analysis beforehand Contract 
department
Contract risk Transfer, 
mitigation
Risk and loss bearing should be appointed in detail in 
the contract
Contract 
department
The risk countermeasures in Table 5 still need to be further refined. Each measure needs a complete set of 
procedures to instruct the following aspects: roles as well as responsibilities of organization members in engineering 
risk management, signs of the risk, conditions for triggering the risk, the working procedure for dealing with the 
risk, when to adopt measures, who is in charge of the measures, and which member or department are needed.
Although the engineering risk of EPC can be great, it has tremendous social and economic benefits. Engineering 
risk exists objectively, whereas most risks of the EMC are mostly controllable and manageable. As long as using the 
systematic engineering risk management method, risk can be reduced. By using the mature ideas, tools and 
technologies in engineering risk management, this paper introduced some procedures and methods, in order to 
provide reference points for the engineering risk management planning of EPC.
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